The impact of dentate mossy cells on hippocampal activity remained uncertain despite a long history of investigation. In this issue of Neuron, Hashimotodani et al. (2017) discover a presynaptically expressed form of long-term potentiation at mossy cell outputs, shedding light on their mysterious function.
A proudly nerdy yet refreshing interpretation of the well-known maxim by the Syrian Publilius, ''A rolling stone gathers no moss,'' refers to those who keep on advancing and are not bogged down by old ideas. Whether one sees the growth of moss as desirable or not, mossy cells in the hilus of the dentate gyrus within the hippocampal formation, named after the moss-like ''thorny excrescences'' that cover their somata and dendrites, certainly kept scientists in a frustrated state of prolonged stagnation for a long time. Presenting themselves as enticing but ever-elusive targets for neuroscientists, mossy cells advertised their uniqueness like neuronal peacocks with abandon in numerous ways, including their highly unusual input-output connectivity properties and selective vulnerability in response to a number of insults, such as seizures and concussion. However, the functional properties of the enigmatic mossy cells (Scharfman, 2016) remained poorly understood until the beginning of the current year when three simultaneous papers reported their (need we say?) unusual properties in behaving animals (Danielson et al., 2017; GoodSmith et al., 2017; Senzai and Buzsá ki, 2017) , as explained below. In this issue of Neuron, an important study by Hashimotodani et al. (2017) joins the veritable annus mirabilis for mossy cells by revealing a novel form of long-term potentiation (LTP) at selective mossy cell outputs.
Mossy cells are the only excitatory cell type in the hippocampus that can be considered a type of ''feedback interneuron'' ( Figure 1A ). They are large neurons present in much fewer numbers than the small but populous dentate granule cells. Single mossy cells receive highly convergent inputs from the aptly named mossy fibers, which are the axons of dentate gyrus granule cells. In turn, mossy cells form massively divergent output synapses onto tens of thousands of postsynaptic granule cells (in addition to interneurons) along the long axis of the hippocampal formation bilaterally, giving rise to the associational-commissural pathway of the dentate gyrus. Most mossy cells do not respond directly to feedforward afferents from entorhinal cortex, and they do not project outside of the dentate gyrus. Rather, they are primarily excited by feedback from dentate granule cells and CA3 pyramidal cells and only project to the ipsilateral and contralateral dentate (Scharfman, 2016) . Thus, their impact on downstream hippocampal function must first be filtered and relayed by granule cells. Importantly, mossy cells form output synapses within the inner molecular layer on the numerically dominant granule cell dendrites as well as those rarer dendrites that belong to GABAergic interneurons. Because activation of mossy cells results in both monosynaptic excitation and disynaptic inhibition of granule cells, the precise balance of excitation and inhibition recruited by mossy cells will critically determine their functional role in hippocampal processing. However, investigators have not reached consensus regarding whether the net effect of mossy cells on the dentate circuit is excitatory or inhibitory (Jinde et al., 2012; Ratzliff et al., 2004; Scharfman, 2016) .
Modern methods now enable selective expression of sensors and effectors of neuronal activity in mossy cells and have led to renewed interest in these puzzling neurons. As mentioned above, in a rare example of scientific corroboration, three recent independent studies of mossy cell activity in vivo reported that mossy cells, like all other known hippocampal excitatory cell types, respond selectively to the position of an animal in space during spatial exploration and memory tasks (Danielson et al., 2017; GoodSmith et al., 2017; Senzai and Buzsá ki, 2017) . However, the place field properties of mossy cells and their neighboring granule cells are very different: mossy cells are more likely than granule cells to express at least one place field in a given spatial environment, they have a greater tendency to exhibit multiple place fields in a single environment, and they respond to manipulations of spatial context by changing the positions of their place fields more so than granule cells. This last observation, that ''contextual remapping'' in mossy cells is not inherited by granule cells and therefore not relayed downstream, is particularly perplexing. Why go through the trouble of crafting a unique message only for it to fall on deaf ears?
Here, Hashimotodani et al. (2017) investigate this problem of communication between mossy cells and granule cells by applying a gauntlet of classical in vitro synaptic physiology and pharmacology techniques, as well as optogenetic methods, to characterize the plasticity of the synaptic connection between mossy cells and granule cells. Interestingly, they found that repetitive burst firing in mossy cells for 25 s, as would likely occur in a mossy cell encoding multiple positions along a spatial trajectory, results in an LTP of synaptic efficacy onto granule cells. Hashimotodani et al. (2017) show convincing evidence that LTP at mossy cell-granule cell synapses is presynaptically expressed as an increase in glutamate release probability, indicated by decreases in the coefficient of variation (CV) and the degree of facilitation of the postsynaptic responses (Figures 1B and 1C) . Furthermore, the LTP is induced by a non-Hebbian mechanism that does not depend on postsynaptic NMDA receptors, or even postsynaptic depolarization, but does require postsynaptic activation of TrkB receptors (a family of tyrosine kinases regulating synaptic strength and plasticity) by presynaptic secretion of the protein brain-derived neurotrophic factor (BDNF; a neurotrophin family growth factor that is an activating ligand for TrkB). The identity of the implied retrograde (i.e., post-to presynaptic) signal remains unknown, but it does not appear to activate either cannabinoid or metabotropic glutamate receptors, which are common mediators of retrograde messaging at certain synapses. In an excellent example of synaptic phenotype being specified by both pre-and postsynaptic elements, this plasticity observed at the mossy cell-granule cell connection was not observed at synapses from mossy cells to dentate interneurons and is mechanistically more similar to known presynaptic plasticity at granule cell output synapses (Lysetskiy et al., 2005; Weisskopf et al., 1994) than postsynaptic plasticity expressed at other excitatory synapses onto granule cells. Hashimotodani et al. (2017) go on to show that when this LTP at mossy cell to granule synapses is engaged, disynaptic inhibition recruited by mossy cells onto granule cells via dentate interneurons remains unchanged, effectively increasing the ratio of excitation to inhibition (E:I ratio) and increasing the probability of action potential firing in granule cells. This is particularly interesting in the context of the pathophysiology of epilepsy (Jinde et al., 2012; Ratzliff et al., 2004; Scharfman, 2016) . One could speculate that if excessive activation of mossy cells during early seizures engages LTP at mossy cell-granule cell synapses, it could contribute to the progression of the disease by tipping the balance from inhibition to excitation, lowering the threshold for initiation of subsequent seizures, and facilitating their propagation. Interestingly, Hashimotodani et al. (2017) show that the dynamics of release probability are strongly facilitating at baseline and become more sustained and non-adapting following LTP induction ( Figures 1B and 1C) . Thus, in addition to increasing synaptic efficacy and E:I ratio for single spikes, this change in dynamics during bouts of repetitive firing could potentially shift the relative timing of granule cell activation by bursting mossy cells to an earlier phase of rhythmic or pulsatile network activity (Hsu et al., 2016) .
Could this plasticity mechanism play a role in shaping the spatial receptive fields of granule cells? The fact that induction of this form of LTP does not require coincident postsynaptic depolarization suggests that it may not be selective, and if so, it would be expected to lead to gross changes in all output synapses of mossy cells that undergo sustained burst firing. However, specificity could be achieved if the expression or subcellular targeting of postsynaptic TrkB receptors in granule cells was itself variable and/or modulated by activity. The current results, however, would also be consistent with this mechanism playing a more homeostatic role, adjusting the overall balance of dentate excitation and inhibition to achieve a target degree of sparsity in the network representation of space, for example. It will be important to determine how the spatial map encoded by granule cells depends on their coordinated activation by both mossy cell feedback and spatially tuned input from entorhinal cortex. Indeed, as long as each new insight into the function of dentate mossy cells raises more questions, these fascinating neurons will continue to be attractive candidates for future investigation. In other words, mossy cells will ensure that neuroscientists will have to keep rolling to gather no moss.
Territorial male mice are aggressive toward intruding males, but socially bonded males are not. Through manipulation of activity in a subset of neurons in the ventromedial hypothalamus, Yang et al. (2017) report that social and physiological factors non-linearly interact to control male aggression.
In his book The Strange Case of Dr. Jekyll and Mr. Hyde, Robert Louis Stevenson portrays the story of a scientist who, through ingestion of a concocted potion of his own making, turns into his evil alter ego, characterized by ''ape-like fury'' and ''remorseless rage.'' As usually happens with much literary discourse, this narrative was inspired by ideologies and perspectives of the time in which it was written. We can now envision it as representative of the notion that human beings are genetically predisposed to aggressive behavior and that a simple trigger is enough to erase any socially determined barriers, to bring the individual back to a state of primal, feral temperament.
Even Darwin was friends with the idea that behavioral traits are the result of hard-wired biological programs that are predominantly inherited. He wrote, ''I am inclined to agree with Francis Galton in believing that education and environment produce only a small effect on the mind of any one, and that most of our qualities are innate '' (Darwin et al., 1959) . The drive to understand human emotions and behaviors is as old as mankind itself. Over time, science figures such as Sigmund Freud, B.F. Skinner, and others added additional ways of thinking about the influence of nature (biological determination) versus nurture (environment) on behavior and personality. Although the debate has been declared as outdated by most social scientists and some biologists, the ''nature versus nurture'' dichotomy remains in biological literature as a simple model upon which to explore the contributions of genetic underpinnings and environment on behavioral output.
The beauty of science is that, as hard evidence accumulates and new ideas and methodological approaches arise, old problems can be scrutinized under new light and in great detail. In this issue of Neuron, Yang and colleagues in Dr. Nirao Shah's group have explored the contributions of environmental and physiological variables on behavior by studying aggression in the laboratory
